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(57) ABSTRACT

A mechanical breather system for a four-stroke engine
includes a rotating member. The rotating member can have at
least one inlet channel 1n fluid communication between an
outer perimeter of the rotating member and an inner region of
the rotating member. A breather housing having an air receiv-
ing chamber formed therein 1s fluidly coupled to the at least
one inlet channel of the rotating member. A passage can be
formed through a wall of the breather housing 1s 1n fluid
communication with the air receiving chamber and an exte-
rior of the breather housing.
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MECHANICAL BREATHER SYSTEM FOR A
FOUR-STROKE ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part application of
International Patent Application No. PCT/US2011/020573,
filed on Jan. 7, 2011, which 1s a continuation of International
Patent Application No. PCT/US2010/0203508, filed on Jan. 8,

2010; the contents of each of said applications are 1mncorpo-
rated herein 1n 1ts entirety for all purposes.

FIELD

This disclosure relates to four stroke engines, and more
particularly, to ventilation of a crankcase for a four-stroke
engine.

BACKGROUND

Four-stroke internal combustion engines can be used in
outdoor power tools, such as line-trimmers, edgers, chain
saws, blowers, and the like. Four-stroke internal combustion
engines can also be used for powering vehicles, such as motor
cycles, all-terrain vehicles, and the like. Typical four-stroke
internal combustion engines include a crankcase, a cylinder
communicating with the crank case, and a piston adapted to
reciprocate within the cylinder. During the combustion pro-
cess, gases can flow past the piston rings and create elevated
pressure in the crankcase.

SUMMARY

A system and method of ventilating the crankcase 1s pre-
sented to alleviate and prevent pressure buildup 1n the crank-
case. One embodiment takes the form of a four stroke engine
having a mechanical breather system. The crankshait of the
four stroke engine can be supported to the engine by at least
one bearing. The mechanical breather system can include a
rotating member coupled to the crankshaift, a bearing, an air
receiving chamber, and a passage through a wall of the air
receiving chamber. The rotating member can have atleast one
inlet channel extending between an outer perimeter of the
rotating member and an inner region of the rotating member.
The mechanical breather system can also include a breather
housing forming the air receiving chamber. A rotating mem-
ber support member can be provided to position the rotating,
member, while 1t 1s being rotated, relative to the breather
housing and the bearing.

During combustion, the crankshaft rotates within the crank
case 1n conjunction with the reciprocation of the pistons. As
the crankshaft rotates, the mechanical breather system
coupled to the crankshait can separate the o1l and air within
the crankcase. The centrifugal force resulting from the rotat-
ing inlet channels of the rotating member forces o1l away
from the center of the rotating member, but allows the air to
enter the air receiving chamber. The air then passes from
within the air recerving chamber to exterior of the crankcase.
The passage of air as described above ventilates the crank-
case, thereby reducing and/or alleviating crankcase pressure.
The air from the crankcase can be run through one or more

filters for example an air filter.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of the disclosure will be more
readily understood by reference to the following detailed
description, taken with reference to the accompanying draw-
ings, in which:
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FIG. 1 1s a cross-sectional of a four-stroke engine having an
example of a mechanical breather assembly in accordance

with an exemplary embodiment;

FIG. 2 1s another cross-sectional of a four stroke engine
having an example of a mechanical breather assembly in
accordance with an exemplary embodiment;

FIG. 3 1s an exploded perspective view of an example of a
mechanical breather assembly 1in accordance with an exem-
plary embodiment;

FIG. 4 1s a perspective view of an example of a breather
bearing in accordance with an exemplary embodiment;

FIG. 5 1s a front elevational view of the breather bearing
illustrated 1n FIG. 4 m accordance with an exemplary
embodiment;

FIG. 6 1s an exploded perspective view of an exemplarily
four stroke engine having an example of a mechanical
breather assembly in accordance with an exemplary embodi-
ment excluding the crankshatft;

FIG. 7 1s an exploded view of an example of a mechanical
breather system with a crankshait of a full-crank engine in
accordance with an exemplary embodiment;

FIG. 8 1s an exemplary side elevational view of the
mechanical breather system illustrated 1n FIG. 7;

FIG. 9 1s a cross-sectional view of a four stroke engine
having an example of a mechanical breather system in a
full-crank engine 1n accordance with the present disclosure;

FIG. 10 1s a perspective view of a four stroke engine having
an example of a mechanical breather system 1n an assembled
confliguration 1n accordance with the present disclosure;

FIG. 11 1s an exemplary partial view of the four stroke
engine illustrated 1n FIG. 10;

FIG. 12 1s side view of an example of a rocker box assem-
bly 1n accordance with the present disclosure;

FIG. 13 1s a front view of a four stroke engine having the
exemplary rocker box assembly illustrated in FI1G. 12;

FIG. 14 1s a rear view of the four stroke engine having an
example of a rocker box assembly illustrated 1n FIG. 13;

FIG. 15 1s a cross-sectional view of a four-stroke engine
having another example mechanical breather assembly in
accordance with the present disclosure;

FIG. 16 15 an exploded view of the mechanical breather
assembly 1llustrated 1in FIG. 15;

FIG. 17 1s a perspective view of the mechanical breather
assembly 1llustrated 1n FIG. 16;

FIG. 18 1s an exemplary perspective view of the rotating
member, rotating member shaft and bearing illustrated in
FIG. 15;

FIG. 19 1s an exemplary plan view of the rotating member,
rotating member shait and bearing illustrated 1n FIG. 15;

FIG. 20 1s an exemplary perspective exploded view yet
another example of a mechanical breather assembly 1n accor-
dance with the present disclosure;

FIG. 21 1s an exemplary exploded view of the example of
the mechanical breather assembly of FIG. 20 1n relation to an
example four-stroke engine;

FI1G. 22 1s an exemplary perspective view of the example of
the mechanical breather assembly of FIG. 20 installed in an
example four-stroke engine of FIG. 21; and

FIG. 23 1s an exemplary section view of the example of the
mechanical breather assembly of FIG. 20 installed 1n an
example four-stroke engine of FIG. 21.

DETAILED DESCRIPTION

A mechanical breather system for a four-stroke engine
adapted according to the present teachings will hereinafter be
described more fully with reference to the accompanying
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drawings 1n which embodiments of the mechanical breather
assembly are illustrated. The breather system can, however,
be embodied 1n many different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the disclosure to those persons skilled 1n the art. In
the figures and description, like reference numbers refer to
like elements throughout.

Four-stroke engines can build crankcase pressure resulting
from the reciprocation of the pistons during the engine’s
combustion processes. Excess crankcase pressure buildup
can adversely affect fuel combustion. As described herein, a
mechanical breather system 1s disclosed that provides a sys-
tem to ventilate crankcase pressure. While the embodiments
described herein focus on the implementation of the mechani-
cal breather system for an outdoor power tool, other tools and
machines having a four-stroke engine are also considered
within the scope of this disclosure. For example, such tools
and machines can 1nclude pressure cleaners, powered scoot-
ers, all-terrain vehicles, generators, and powered bikes.

A Tour-stroke engine creates power though combustion 1n
one or more cylinders. The four-strokes are typically referred
to as an 1ntake stroke, compression stroke, combustion stroke
and exhaust stroke. During the intake stroke, the piston moves
downward from a top dead center position as a mixture of air
and fuel 1s forced into the cylinder. In the compression stroke,
the air and fuel mixture 1s compressed in the cylinder. A spark
can be used for ignition 11 the four-stroke engine 1s a gasoline
powered engine or other similar fuel mixture that 1s combus-
tible based on a spark. In other mstances, the compression
coupled with suificient heat can cause 1gnition. As the fuel
burns, 1t produces one or more gases forcing the piston down-
ward again. Then, during the exhaust stroke, the one or more
gases are exhausted through an exhaust valve. During the
compression stroke, the rings sealing the piston can allow the
gasses to enter into the crankcase. Additionally, the motion of
the piston within the cylinder can cause the crankcase to
increase 1n internal pressure as the crankcase 1s fluidly
coupled to bottom of the cylinder. As used herein, adjacent
refers to close proximity of two or more components. In at
least one implementation, adjacent 1s such that there exists
direct fluild communication and in another example fluid
communication occurs through a separate communicating
member.

In order to more fully illustrate the present disclosure,
some elements of the engine and crank case are omitted in the
drawings to more fully disclose the relevant portions thereof.
For example, the piston and cylinder have not been 1llustrated.
FIG. 1 1llustrates a cross-section of a four-stroke engine 100
including a crankcase 105. Additionally, a crankshatt 110 1s
illustrated. The crankshaft 110 rotates within the crankcase
103 as the piston (not shown) reciprocates within the cylinder.
The piston can be coupled to the crankshaft via a connecting
rod (not shown) which can be 1n turn coupled to the crank-
shaft 110. In a halif-crank engine, the crankshait 110 can be
supported at one position by at least one bearing 120. Addi-
tionally, the rotating member 140 can be driven directly by the
crankshaft 110 in that an extended crank pin serves as a
connecting member 1235 and drives the rotating member 140.
The at least one bearing can be sealed, partially sealed or
unsealed. The bearing allows the crankshaft 110 to more
casily rotate due to the bearing providing less resistance than
direct contact with another fixed part. While a half-crank
engine 1s illustrated herein, the mechanical breather system
135 as presented herein can be implemented with a full crank
engine as well.
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The engine illustrated 1n FIGS. 1 and 2 can also include one
or more of the following components: a mechanical breather
system 135 that includes a rotating member 140 which can be
coupled to the crankshait 110, a breather bearing 145 which
can be positioned adjacent to the rotating member 140, an air
receiving chamber 150 which can be positioned on the
breather bearing 145 and opposite from the rotating member
140, and a passage 165 1n fluid communication with an inte-
rior of the air receiving chamber 150 and an exterior of the air
receiving chamber 150. As illustrated 1 FIG. 1, the crank-
shaft 110 can be received 1n the crankcase 1035 and can be
supported by at least one bearing 120. The crankshatt 110 also
can include a counterweight 130 on a first end 115 of the
crankshaft 115.

A connecting member 125 can couple the crankshaft 110 to
a rotating member 140. The connecting member 125 can
couple the mechanical breather system 135 to the crankshatt
110. For example, the rotating member 140 can be driven
directly or indirectly by the crankshaft 110. When the rotating
member 140 1s directly driven, the rotating member 140 can
be affixed to the crankshait 110 or driven by a connecting
member 125 such as a crankpin. When the rotating member
140 1s indirectly driven, another mechanism can couple the
rotating member 140 to the crankshaft 110 so that different
speeds or direction of motion may be achieved by the rotating
member 140 as compared with the crankshaft 110. As 1llus-
trated, the connecting member 125 can be coupled at a first
end to the counterweight 130 of the crankshatt 110. In FIG. 1,
the rotating member 140 can be adapted to receive the second
end of the connecting member 125 such that when the crank-
shaft 110 rotates, the connecting member 125 causes the
rotating member 140 to rotate. While the connecting member
125 directly connects the crankshaift to the rotating member
140, other connecting members could be implemented
whereby the angular acceleration and/or speed of the rotating
member 140 can vary from the speed of the crankshait 110.
The rotating member 140 can include at least one 1nlet chan-
nel 310 (described 1n detail below 1n regards to FIG. 3). An
inlet channel 310 as used herein refers to a pathway for fluid
communication between the outer perimeter 305 of the rotat-
ing member 140 and an inner region of the rotating member
140. The inlet channel 310 can be formed by one or more
vanes 311 as 1illustrated, further embodiments will be
described below. The at least one inlet channel 310 of the
rotating member 140 allows for o1l to be spun outward from
the rotating member 140 while air passes through a breather
bearing 145 positioned adjacent thereto.

The breather bearing 145 can be positioned adjacent to the
rotating member 140. As illustrated, the crankshaft 110 and
counterweight 130 can be on the same side of breather bear-
ing 145. The crankshaft 110 and the rotating member 140 can
be adapted such that when the crankshait 110 rotates the
rotating member 140 rotates. In one embodiment, the
breather bearing 145 can be mounted to an internal portion of
the crankcase 105. In another embodiment, illustrated in
FIGS. 1 and 2, the breather bearing 145 can also be coupled to
a breather housing 155, which 1n turn can be coupled to the
crankcase 103. In the illustrated embodiment, the coupling of
the breather bearing 145 to the crankcase 105 or breather
housing 155 can be a press-fit, welding or other suitable
mounting configurations that {ix the position of the breather
bearing or breather housing during use of the engine 100. The
breather bearing 145 can be adapted to allow air to pass from
one side of the breather bearing 145 to the other side of the
breather bearing 145. For example, with respect to the exem-
plary four-stroke engine 100 illustrated 1n FIGS. 1-2, air will
pass from the lett side of the breather bearing 1435 to the right
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side of the breather bearing 145. An example of a breather
bearing 145 adapted according to the present disclosure will
be provided 1n detail below.

In the 1llustrated embodiments of FIGS. 1 and 2, a rotating,
member support member 160 positions the rotating member
140 relative to the breather housing 1355 and the breather
bearing 145. An air recerving chamber 150 can be positioned
on the breather bearing 143 on a side of the breather bearing
145 opposite from the rotating member 140. A passage 165
can be provided through a wall 153 of the air recerving cham-
ber 150 such that the passage 165 can be in fluid communi-
cation with an interior of the air recerving chamber 150 and an
exterior of the air receiving chamber 150. As illustrated 1n
FIG. 1, the coupling of the breather housing 155 and the
breather bearing 145 defines the air receiving chamber 150.
The top wall of the breather housing 155 that faces outwardly
with respect to the rotating member 1435 and the crankshaft
110 can provide the wall 153 for the passage 1635 that can be
in fluid communication with the interior of the air receiving
chamber 150 and the exterior of the air receiving chamber
150. As seen 1n FIG. 1, the interior of the air receiving cham-
ber 150 can be the area between the breather bearing 145 and
the inner face of the top of the breather housing 155. The
exterior of the air recerving chamber 150 can be the area on
the outer face of the top of the breather housing 155 that 1s
opposite to the inner face of the breather housing 155. In an
alternative embodiment, the passage can include an exhaust
stem 170, as illustrated 1n FIG. 2. While the air receiving
chamber 150 as described above can be within the breather
housing 155, other embodiments of the present disclosure can
implement the inclusion of the air receiving chamber 150
within a portion of the crankcase 105 with or without the
presence ol a breather housing 155.

While the illustrated engine 100 1n FIGS. 1 and 2 1s a
half-crank engine supported by one bearing 120, one of ordi-
nary skill 1in the art will understand that the engine 100 can be
a full-crank engine, as will be described later 1n this disclo-
sure.

FIG. 3 1s an exploded view of the mechanical breather
system 133 for a four stroke engine. The rotating member 140
has at least one 1nlet channel 310 extending between an outer
perimeter 305 of the rotating member 140 and an inner region
of the rotating member 140. As 1llustrated 1in FIG. 3, the at
least one 1nlet channel 310 can be curved between the outer
perimeter 305 of the rotating member 140 and the center of
the rotating member 140. However, the at least one inlet
channel 310 can extend straight and radially from the center
of the rotating member towards the perimeter 305 of the
rotating member 140. Other configurations of the at least one
inlet channel 310 can also be implemented. For example, the
at least one inlet channel 310 can be curvilinear, or other
non-linear shape. Additionally, while FIG. 3 illustrates a
rotating member 140 having ten inlet channels 310, one of
ordinary skill in the art will appreciate that the rotating mem-
ber 140 can have two inlet channels, three inlet channels,
seven ilet channels, thirteen inlet channels, or any number of
inlet channels so long as the rotating member has at least one
inlet channel 310. While the illustrated embodiment shows
the at least one inlet channel 310 formed from a vane 311, one
skilled 1n the art will appreciate that the at least one inlet
channel 310 can be an aperture through the rotating member
140 or can be a groove formed in the surface of the rotating
member 140. Additionally, as illustrated a plurality of vanes
311 are illustrated and thus a plurality of inlet channels 310.
In the 1llustrated embodiment, ten vanes 311 are illustrated
and are shaped with single cup shape along a single radius. In
other embodiments, the vanes 311 can have multiple curva-
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tures to encourage the flow of air 1n the at least one air inlet
channel 310. In at least one embodiment the vanes 311 can
encourage air to flow 1mto more than one air inlet channel 310.

The rotating member 140 can include a socket 3235 can be
adapted to recerve a second end of the connecting member
125. The socket 325 can be disposed on the face of the
rotating member 140 that can be opposite to the side having
the at least one 1nlet channel 310. In other embodiments, the
connecting member 123 can be coupled to the rotating mem-
ber 140 through other mounting mechanisms such as a screw,
bolt, threaded engagement and other conventional fasteners
or fastening means. In other embodiments, the connecting
member 1235 can be fixedly attached to the rotating member
140. The rotating member 140 can also include a protrusion
315 thatprotrudes from substantially the center of the rotating
member 140. The protrusion 315 can be provided to receive
the breather bearing 145. Whale the 1llustrated rotating mem-
ber 140 1n FIG. 3 1s an impeller, one of ordinary skill in the art
will appreciate that the rotating member 140 can be a rotor
having inlet channels, a blower, a turbine, or any other rotat-
ing member that can have at least one inlet channel 310 1n
fluid communication between an outer perimeter 305 of the
rotating member 140 and an inner region of the rotating
member 140. As 1llustrated, the at least one inlet channel 310
can be formed from the vanes 311 which are integral part of
the rotating member 140. In other embodiments, the vanes
311 can be constructed separately and affixed to the rotating
member through welding or the like.

Asillustrated in FIGS. 4 and 5, the breather bearing 145 has
an 1mner race 400 and an outer race 410. In at least one
embodiment, including the illustrated embodiment, the
breather bearing 145 can comprise at least one ball bearing. In
other embodiments, other types of bearings that allow for air
to pass therethough are considered within the scope of this
disclosure. For example, the breather bearing 145 can com-
prise a needle bearing or a bushing between the inner race 400
and the outer race 410. The breather bearing 145 can be
adapted to allow air to pass between the inner race 400 and the
outer race 410. For example, the inner race 400 and the outer
race 410 of the breather bearing 145 can form a space through
which air can pass. In at least one embodiment, the breather
bearing 143 can be the bearing that supports the crankshaft
110 1n the crankcase 103.

FIG. 4 1s a perspective view and FIG. 5 1s a front view of the
breather bearing 145 illustrating the mner race 400, the outer
race 410, and the atleast one ball bearing 415. The atleast one
ball bearing 415 can be free to move within the inner race 400
and the outer race 410 of the breather bearing 1435. While the
illustrated embodiments show six ball bearings 415 disposed
between the inner race 400 and the outer race 410, one of
ordinary skill in the art will appreciate that two ball bearings,
three ball bearings, four ball bearings, or more can be dis-
posed within the inner 400 and outer races 410 so long as the
breather bearing 145 includes at least one ball bearing 415. In
the embodiment illustrated 1n FIGS. 4-5, the ball bearings 415
can move within the area between the mner 400 and outer
races 410 which can facilitate air passage between the ball
bearings 413 and between the mnner 400 and outer races 410.
The breather bearing 145 as illustrated can be an unsealed
bearing thereby facilitating the passage of air between the
inner race 400 and the outer race 410.

In a hali-crank engine, the crankshaft 110 does not extend
through the crankcase 105. In at least one embodiment, as
illustrated 1n FIG. 3, the breather bearing 145 includes an
aperture 405 through the center of the breather bearing 145
that can be adapted to receive the protrusion 315 of the rotat-
ing member 140. The aperture 405 and protrusion 315 can be
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adapted to couple the breather bearing 145 with the rotating
member 140 such that when the crankshait 110 rotates the
rotating member 140, the breather bearing 145 will also
rotate. The cooperation of the aperture 405 and protrusion
315 add turther stability to rotating member 140 as 1t rotates.
Furthermore, the protrusion 315 can also include rotating
member support aperture 320 which can be adapted to receive
the rotating member support member 160. The rotating mem-
ber support member 160 can position the rotating member
140 relative to the breather housing 1355 and the breather
bearing 145. The rotating member support member 160 can
also be rotatably coupled to the breather housing 155. The
breather housing 155 can be adapted to receive the breather
bearing 145 and to rotatably couple the rotating member 140
to the crankcase 1035. The breather housing 155 includes an air
receiving chamber aperture 165 through a top wall of the
breather housing 155. The air recerving chamber aperture 165
can be adapted to receive an exhaust stem 170, as 1llustrated
in FI1G. 3. The exhaust stem 170 provides the passage 1n fluid
communication between the interior of the air receiving
chamber 150 and the exterior of the air receiving chamber
150. While the embodiment 1llustrated 1n FIG. 3 includes an
exhaust stem 170 to be inserted into the air receiving chamber
aperture 165, one of ordinary skill in the art will appreciate
that the air recerving chamber aperture 165 can provide the
passage 1n fluid communication with the interior of the air
receiving chamber 150 and the exterior of the air receiving,
chamber 150 and can also provide the passage of air from
within the air receiving chamber 150 to the exterior of the
crankcase 105. In an alternative embodiment, the exhaust
stem 170 can be a hose, such as a rubber hose. In other
implementations, the exhaust stem 170 can be a channel, a
tube, or other component that allows for the passage of air
from within the air recerving chamber 150 to the exterior of
the crankcase 103.

FIG. 6 1s an exploded view of an assembled mechanical
breather system 135 1n accordance with the present disclosure
with respect to the engine crankcase 1035. In FIG. 6, the
assembled mechanical breather system 1335 i1s illustrated
without the associated crankshait of the four-stroke engine
100. In an assembled configuration, the breather bearing 145
can be received within an iterior of the breather housing 155
such that a surface of the breather housing 155 can be adjacent
to the at least one inlet channel 310 of the rotating member
140. Fasteners 600 can secure the breather housing 155 to the
crankcase 105, which together with the connecting member
(not shown) thereby secures the mechanical breather system
135 1n place during operation of the four stroke engine 100.
While the fasteners 600 as illustrated are bolts, other types of
fasteners can be implemented to releasably secure the
breather housing 155 to the crankcase 1035. In yet other
embodiments, the fasteners 600 can be non-releasable fasten-
ers that are for permanently affixing the breather housing 155
to the crankcase 105. In the assembled configuration, the
exhaust stem 170 protrudes from the top of the breather
housing 1355 to expel the air and excess pressure from 1nside
the crankcase 103.

In an alternative embodiment, the mechanical breather sys-
tem 135 can be adapted as 1llustrated 1n FIGS. 7 and 8. FIG.
7 1s a perspective view, and FIG. 8 1s a side view of the
mechanical breather system 135 in accordance with the
present disclosure for the crankshait 110 of a full-crank
engine. The embodiment illustrated in FIGS. 7 and 8 1s shown
without the associated crankcase of the full-crank engine. The
crankshaft 700 has a first portion 705 and a second portion
710 coupled together by a crankpin 713. The crankshatt 700

can be supported by at least two bearings 725, 145. A con-
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necting rod 720 can be coupled to the crankpin 715 such that
when a piston (not shown) associated with the connecting rod
720 reciprocates within a cylinder (not shown) of the full-
crank engine, the crankshait 700 will rotate within the crank-
case. A first counterweight 730 can be coupled to the first
portion 705 of the crankshaft 700 and can be positioned
adjacent to the crankpin 715. A bearing 725 can also be
coupled to the first portion 705 of the crankshaft 700 such that
the bearing 725 can be adjacent to the first counterweight 730
on the side opposite to the crankpin 715. The bearing 723 can
be coupled to the crankcase such that the crankshaft 700 can
be supported for rotation within the crankcase. A second

counterweight 735 can be coupled to the second portion 710
ol the crankshait 700 and can be positioned the crankpin 715.

In FIGS. 7 and 8, the first counterweight 730 and the second
counterweight 735 are positioned on opposite ends of the
crankpin 715. The mechanical breather system 135 can be
mounted to the second portion 705 of the crankshaft 700
adjacent to the second counterweight 735 on the side opposite
to the crankpin 7135. The rotating member 140 of the mechani-
cal breather system 135 can be positioned adjacent to the
second counterweight 7335, As illustrated in FIG. 8, the rotat-
ing member 140 can be coupled to the crankshatt 700. In the
illustrated embodiment, the rotating member 140 rotates 1n
direct correspondence to rotation of the crankshatt 700. In
other embodiments, the rotating member 140 can be adapted
to rotate at a different rate as compared to the crankshatt 700.
The breather bearing 145 can be positioned adjacent to the
rotating member 140 on the side having the at least one 1nlet
channel 310 as described above. In the illustrated embodi-
ment of FIGS. 7 and 8, the breather bearing 145 can be one of
the at least two bearings 725, 145 supporting the crankshaft
700 to the crankcase. The at least two bearings 725, 145 can
be adapted to allow for fluild communication between the
inner and outer races of the breather bearing 145. While the
illustrated embodiment shows a breather bearing 145 and a
bearing 725, one of ordinary skill in the art will appreciate that
a third bearmg can be used to support the crankshatt 700 to the
crankcase 1n addition to the breather bearing 145. The second
portion 710 of the crankshait 700 can include a protruding
end 740 which passes through the air receiving chamber 150
of the mechanical breather system 135. In other respects the
mechanical breather 135 can be adapted as described above.

FIG. 9 1s a side cross-sectional view of the mechanical
breather system 135 1llustrated in FIG. 8 as it 1s assembled 1n
a full-crank engine 900. The full-crank engine 900 can
include a seal 910 for sealing the crankcase 9035 and the
protruding end 740 of the second portion 710 of the crank-
shatt 700. As illustrated, the seal 910 and the crankcase 905
can provide the air receiving chamber 150 positioned on the
breather bearing 1435 and opposite from the at least one 1nlet
channel 310 of the rotating member 140. For example, the
seal 910 and the crankcase 905 can form the wall 153 of the air
receiving chamber 150 on which the passage can be disposed.
The passage can be then i1n fluid communication with the
interior and the exterior of the air receiving chamber. In the
illustrated example of FIG. 9, the passage can be space
between the protruding end 740 of the crankshaft 700 and the
seal of the crankcase 905.

FIG. 10 1s a perspective view ol an exemplary four-stroke
engine 100 assembled with a mechanical breather system 135
in accordance with an exemplary embodiment described
herein. FIG. 11 1s a partial view of the four-stroke engine 100
illustrated 1n FIG. 10. Specifically, FIG. 11 1s a front view of
the breather housing 155 of the crankcase, which can be
coupled to the mechanical breather system 135. In FIG. 11,
the exhaust stem 170 extends from the interior of the air
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receiving chamber 150 and passes through the top wall of the
breather housing 155 towards the exterior of the air recerving,
chamber to expel the air and excess pressure of the crankcase
105. Additionally, the exhaust stem 170 connects to a hose
172 which further carries the air towards an air intake portion 5
of the engine 100. While a hose 172 is illustrated, other
coupling mechanisms can be implemented, for example,
tubes, channels and other coupling mechanism to allow for

the further transport of air away from the air recerving cham-
ber 150.

FI1G. 12 1s a side perspective view of an exemplary embodi-
ment of an engine 1200 including a rocker box 1205 adapted
according to the teachings of this disclosure. FIG. 13 1s a front
perspective view and FI1G. 14 1s a rear perspective view of the
engine 1200 including a rocker box 1205 as illustrated in FIG.
12. A rocker box assembly 1205 can be coupled to the four 1°

stroke engine 1200 via a push rod shaft 1210 and a valve stem
shaft 1215 above the engine block 1220 of the four stroke

engine 1200. The rocker box assembly 1205 includes a bot-
tom surface 1225 to which both the push rod shait 1210 and
the valve stem shait 1215 are coupled. The bottom surface 20
1225 can be angled towards the push rod shait 1210. For

example, the bottom surface 1225 can decline towards the
push rod shaft 1210 along the longitudinal axis 1230 of the
bottom surface 1225. In an alternative embodiment, the bot-
tom surface 1225 can decline towards the push rod shatt 1210 25
along the lateral axis 1235 of the bottom surface 1225. In
another alternative embodiment, the bottom surface 1225 can
decline towards the push rod shait 1210 along both the lateral
ax1s 1235 and the longitudinal axis 1230 of the bottom surface
1225. In the particular embodiment 1llustrated in FIG. 12, the 30
inclination of the bottom surface 1225 can be tilted at a
15-degree angle from the push rod shaft 1210 to the valve
stem shaft 1215. In alternative embodiments, the bottom sur-
face 1225 can be inclined at a 17-degree angle, a 25-degree
angle, a 30-degree angle, or any other angle not less than 35
15-degrees.

As seen 1n FIGS. 12-14, the inclination of the rocker box
1205 forms a window 1240 with the adjacent engine block
1220. The shape of the window 1240 corresponds to the
inclination of the bottom surface 1225 of the rocker box 40
assembly 1205. The window 1240 permits a larger volume of
cooling air to flow across any intervening valves and ports
between the rocker box assembly 1205 and the engine block
1220. Such cooling air can cool the valves and ports thereby
enhancing the efficiency of the engine 1200. For example, as 45
shown in FIGS. 12-13, the window 1240 has a trapezoidal
shape. Because of the trapezoidal shape, air flows through the
window 1240 similar to air flow through a nozzle. Because of
the inclination of the bottom surface 1223 of the rocker box
assembly 12035, the air flowing beneath the rocker box assem- 50
bly 1205 can be distributed to cool more surface areas of the
valves and ports between the rocker box assembly 12035 and
the engine block 1220. Although FIGS. 12-13 illustrate a
window 1240 having a trapezoidal shape, one of ordinary
skill in the art will appreciate that the window 1240 can have 55
any other shape, such as a window having a concave top
portion, a window having a convex top portion, an ovular
window, or the like so long as the shape corresponds with the
inclination of the bottom surface 12235 of the rocker box
assembly 1220. 60

A method of draining excess o1l within a four stroke engine
will be described in relation to the rocker box assembly 1205
illustrated in F1GS. 12-14. While the following method can be
described with respect to the particular embodiment 1llus-
trated 1n FIGS. 12-14, one of ordinary skill 1n the art will 65
appreciate that the method can be applied to any embodiment
including any of the components described 1n this disclosure.

10

10

During operation of the four stroke engine 1200, pressure
changes within the crankcase can draw o1l up through the

push rod shaft 1210 in to the rocker box assembly 1205 which

can cause buildup of unwanted o1l 1n the rocker box assembly
1205. However, 1n the illustrated rocker box assembly 1205,
the bottom surface 1225 of the rocker box declines toward the
push rod shait 1210. As o1l collects within the rocker box
assembly 1205, the o1l can drain down the bottom surface
1225 of the rocker box assembly 12035 towards the push rod
shaft 1210. The o1l can then drain down the push rod shait
1210 and back into the crankcase. The o1l drainage can lubri-
cate the connecting rod and can keep excess o1l from pooling
in the top of the rocker box assembly 1205.

Another exemplary embodiment of a mechanical breather

assembly according to the present disclosure 1s presented 1n

FIGS. 15-19. While the mechanical breather assembly 135 as
illustrated 1n FIGS. 15-19 1s implemented on both a hali-
crank engine, the mechanical breather assembly 135 can be
implemented on a full-crank engine. As both the half-crank
and full-crank engines have been 1llustrated above, FIG. 15 1s
a cross-section view of the breather assembly 135 and 1ts
coupling to the crankshaft 110. The rotating member 140 can
be coupled to the crankshait 110. A connecting member 1235
directly connects the crankshaft 110 to the rotating member
140. The connecting member 123 1s shown as being coupled
to the counterweight 130 of the crankshaft. Additionally, the
rotating member 140 can be mounted on the crankshait 110.
For example, when the engine 100 can be a full-crank engine,
the rotating member 140 can have a through hole and a key
receiving portion so as to couple the rotating member 140 to
the crankshaft 110. While the 1llustrated embodiment uses a
connecting member 125, the rotating member 140 can be
coupled directly or indirectly to the crankshait 110. For
example, other connecting members could be implemented
whereby the angular acceleration and/or speed of the rotating
member 140 can vary from the speed of the crankshatt 110.

The rotating member 140 can be adapted as described
above. Namely, the rotating member 140 can be adapted so as
to sling o1l outward while allowing air to pass to the inner
portion 142 of the rotating member. The rotating member 140
can 1nclude at least one inlet channel 310 (as described 1n
regards to FIGS. 3 and 16). The inlet channel 310 as used
herein can refer to a pathway for fluid communication
between the outer perimeter 305 of the rotating member and
an inner region 142 of the rotating member 140. The inlet
channel 310 can be formed by one or more vanes 311 as
illustrated. Further embodiments as described herein can also
be implemented.

A breather housing 155 can be coupled to engine 100 so
that 1t 1s adjacent to the rotating member 140. The breather
housing 155 has an air receiving chamber 150 formed therein.
The air receiving chamber 150 can be adapted to receive air
from the rotating member 140. As described above, as the
rotating member 140 rotates 1t spins o1l outward and allows
the blow-by air to pass to an iner region 142 of the rotating
member 140. The rotating member 140 can be adapted to
allow fluid communication of air to the air recerving chamber
150. For example, as illustrated, when the rotating member
140 has at least one inlet channel 310, the inner portion of the
at least one inlet channel 310, corresponding to the inner
portion 142 of the rotating member 140, 1s 1n fluid commu-
nication with the air recerving chamber 150. The imnner portion
142 of the rotating member 140 can be adapted to allow air to
pass from the at least one inlet channel 310 to the air recerving,
chamber 150. In the 1llustrated embodiments, the at least one
inlet channel 310 can be open so as to allow the air to tlow
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from the at least one inlet channel 310 to the air receiving
chamber 150. In other embodiments, a plate or cover can be
installed on the rotating member 140 to restrict to control the
air flow to the air recerving chamber 150. For example, the
plate can limit where along the at least one 1nlet channel 310
air 1s allowed to flow into the air receiving chamber 150.

While the description provided below 1s in relation to
cylindrical areas and cross-sections, the rotating member
140, air recerving chamber 150 and other components can
have non-cylindrical shapes. Additionally, other ratios and
relative sizes of the components can be implemented as well.
In the illustrated embodiment, the rotating member has a
diameter (D) that 1s larger than the diameter (D;) of the air
receiving chamber 150. The relative ratio of the diameter (D)
to diameter (D;) of the air receiving chamber 150 allows for
some separation of the o1l from the air via the at least one
channel of the rotating member. When the at least one channel
3101s open to the air recerving chamber 1350, the relative sizes
of the rotating member 140 and air recerving chamber 150
allow for the required separation of o1l from air so that little or
no oil 1s passed into the air recerving chamber 150. The
relative ratio of the diameter (D) as compared with diameter
(D,) ofthe air rece1ving chamber can also dependent upon the
diameter (Ds) of the shaft 148 so that air flow into the air
chamber 150 1s sufficient. For example the ratio of diameter
(D) of the rotating member 150 to that the diameter (D;) of the
air receiving chamber 150 can be two to one, three to one,
three to two, or any other ratio. The ratio can depend upon the
o1l used and the size of the engine 100. Furthermore, the ratio
can also depend upon the speed that the engine 1s designed to
operate under normal conditions. While the above description
1s provided 1n relation to the diameters of the components,
similar ratios of radiuses can also be made.

When the engine 1s a hali-crank like the one illustrated, the
rotating member 140 can be coupled to ato arotating member
shaft 148. The rotating member shaft 148 can be coupled at a
first end 147 to the rotating member 140. The second end 149
of the rotating member shatt 148 can be coupled to a bearing
146. The rotating member shait 148 can be removably
coupled at both the first end 147 and the second end 149. The
rotating member shaft 148 provides for stabilization when the
rotating member can be turned by a half-crank engine. In
other embodiments, the rotating member shait can be
removed 1f the rotating member can be substantially sup-
ported 1n relation to the crankshaft such with a full-crank
engine and the bearing 146 can provide support for the crank-
shaft (not shown).

The bearing 146 can be coupled to the bearing housing 155.
As shown, the bearing can be located on the opposite side of
the air recerving chamber 150 from the rotating member 140.
The bearing 146 can be coupled to adjacent to an outside wall
157 of the breather housing 155. The outside wall 157 can be
substantially opposite and substantially parallel to the rotat-
ing member 140. In at least one embodiment, the outside wall
157 refers to interior portion of the breather housing. Addi-
tionally, when there are double walls for the breather housing
155, the term adjacent refers to the location of the bearing 146
nearest to the wall forming the interior of the breather housing
155. In yet another embodiment, the bearing 146 can be
located between two walls. The rotating member shait 148
traverses the air recerving chamber 150.

The air from the rotating member 140 enters the air recerv-
ing member and can be expelled via passage 165. The passage
provides for coupling of an exhaust stem 170 that takes the air
outside of the air receiving chamber.

FIG. 16 1llustrates an exploded perspective view of the
mechanical breather system 1335. The mechanical breather
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assembly includes the rotating member 140, rotating shaft
148, bearing 146, breather housing 155, and an exhaust stem
170. The rotating member 140 as illustrated includes at least
one inlet channel 310 extending between an outer perimeter
305 of the rotating member 140 and an 1nner region of the
rotating member 140. As 1llustrated 1n FI1G. 16, the atleast one
inlet channel 310 can be curved between the outer perimeter
3035 of the rotating member 140 and the center of the rotating
member 140. However, the at least one inlet channel 310 can
extend straight and radially from the center of the rotating
member towards the perimeter 305 of the rotating member
140. Additionally, while FI1G. 16 1llustrates a rotating member
140 having ten inlet channels 310, the rotating member 140
can have two inlet channels, three inlet channels, seven inlet
channels, thirteen inlet channels, or any number of inlet chan-
nels so long as the rotating member has at least one inlet
channel 310. While the illustrated embodiment shows the at
least one 1nlet channel 310 formed from a vane 311, the at
least one inlet channel 310 can be an aperture through the
rotating member 140 or can be a groove formed 1n the surface
of the rotating member 140. Additionally, as illustrated a
plurality of vanes 311 are illustrated and thus a plurality of
inlet channels 310. In the 1llustrated embodiment, ten vanes
311 are illustrated and are shaped with single cup shape along
a single radius. In other embodiments, the vanes 311 can have
multiple curvatures to encourage the flow of air in the at least
one air ilet channel 310. Additionally, the rotating member
140 can include a socket 325 can be adapted to receive a
second end 149 of the connecting member 125. The socket
325 can be disposed on the face of the rotating member 140
that 1s opposite to the side having the at least one inlet channel
310. In other embodiments, the connecting member 125 can
be coupled to the rotating member 140 through other mount-
ing mechanisms such as a screw, bolt, threaded engagement
and the like. In other embodiments, the connecting member
125 can be fixedly attached to the rotating member 140.

The bearing 1llustrated in FIG. 16 1s an unsealed bearing
having an inner race and an outer race. The unsealed configu-
ration allows for passage of air between the mner race and
outer race. In other embodiments, a sealed bearing can be
implemented. When the sealed bearing 1s implemented 1t can
also 1nclude a lubricant within the sealed bearing.

The breathing housing 155 can be formed to an integral
engine cover 154. When the breather housing 1s formed as
part of the engine cover 154, the engine cover can be coupled
to the engine using removable fasteners such as bolts, screws,
and pins. Additionally, a seal can be included that prevents air
or other fluids from escaping the engine cavity.

Additionally, the mnner portion 142 of the rotating member
140 15 1llustrated i FI1G. 16. As illustrated, the inner portion
142 1s shown 1n dashed lines. As discussed above, the 1nner
portion 142 1s the portion of the rotating member 140 that can
be 1 fluid communication with the air receiving chamber
150. The channels 310 of the rotating member can be
enclosed until they reach the mner portion 142 of the rotating
member 140. In other embodiments, an additional member
can be included that prevents the flow of air from the rotating
member 140 to the air chamber 150 until 1t reaches the inner
portion 142 of the rotating member 140. For example, the
additional member can be a plate with apertures.

FIG. 17 illustrates the assembled perspective view of the
mechanical breather assembly of FIG. 16. As illustrated the
bearing 146 has been coupled within the breather housing 13535
and the rotating member shait 148 has been coupled to the
bearing 146. The exhaust stem 170 has been coupled to the
breather housing 155 to provide for passage of air from within
the bearing housing to an air intake port (not i1llustrated).
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FIG. 18 illustrates an exploded view of the rotating mem-
ber 140 and bearing 146. As 1llustrated the shaft 148 can be

coupled to an inner race of the bearing 146. As mentioned
above, the bearing 146 can be an unsealed bearing. In other
embodiments, the bearing can be a sealed bearing.

FIG. 19 illustrates a plan view of bearing 146, rotating
member shait 148 and rotating member 140. As seen, the
rotating member shaft 148 extends perpendicularly away
from the rotating member 140.

Another example of a mechanical breather 135 according
to the present disclosure 1s 1llustrated 1n FIGS. 20-23.
As 1llustrated 1in FIG. 20, the mechanical breather 135 like

the above described examples includes a rotating member
140. The rotating member 140 can be adapted to be coupled
to and driven by a crankshaft 110 of an engine (not shown).
The rotating member 140 can have at least one 1nlet channel
214 extending between an outer perimeter of the rotating
member 214 and inner region of the rotating member 214.
The mechanical breather 135 can further include a breather
housing 155 having an air receiving chamber (not shown)
tormed therein. The air recerving chamber can be positioned
adjacent to a portion of the at least one inlet channel 214 of the
rotating member 140.

In the above described examples, the at least one inlet
channel had an open side surface to allow the air to flow from
the inlet channel directly into the air recerving chamber 150
formed 1n the breather housing 155 or through a breather
bearing into the air recerving chamber 150. In this example,
the at least one inlet channel 214 can be formed within the
rotating member such that each of the at least one inlet chan-
nels 214 only has a single inlet 212 and a single outlet 227. As
illustrated, the single inlet 212 can be located on the perimeter
of the rotating member 135. The single inlet 212 can be in the
shape of a circle. In other embodiments, the single inlet 212
can have other shapes such as square, oval, or another sym-
metrical shape. When the shape 1s symmetrical it provides for
better balancing of the rotating member 140. When the shape
1s a non-symmetrical shape, the rotating member 140 can be
adjusted so as to promote balancing of the rotating member
140. As illustrated there are two 1nlets 212 each correspond-
ing to a respective inlet channel 214. The respective inlet
channels 214 also each have a single outlet 227. In other
implementations, the inlet channels 214 can have more than
one inlet 212. For example, an inlet channel 214 can have two
inlets 212 or any other number of inlets 212. The inlets can
join with a single inlet channel 214. In other embodiments,
there can be more than one outlet 227 for a single inlet
channel 214. Additionally, 1n at least one embodiment the
inlet channel 214 can have a plurality of inlets 212 and a
plurality of outlets 227.

As 1llustrated, there are two inlet channels 214 formed in
the rotating member 140. The two inlet channels 214 are
located are located symmetrically about the axis of rotation of
the rotating member 140. This promotes balancing of the
rotating member. The air that enters through the openings 212
of the inlet channels 214 can be expelled through an exit 216
formed 1n the rotating member shait 215. More details regard-
ing the tlow of air through the rotating member 140 will be
discussed below with respect to FIG. 23. The rotating mem-
ber shaft 2135 allows for the rotating member 140 to rotate
about an axis 211 of rotation. The rotating member shaft 2135
can be adapted to be coupled to a bearing. While the phrase
coupled to a bearing has been used, 1t 1s understood that the
coupling of the bearing can be releasable coupling, keyed
contact with the rotating member shaft 2135, substantial con-
tact of the rotating member shait 215 with the bearing, or
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other engagement with the bearing such that the bearing
allows the rotating member shaft 215 to rotate with Iittle
resistance.

As 1llustrated, the rotating member has a plurality of bal-
ancing formed voids 204. These balancing formed voids 204
promote balancing of the rotating member 140. In the rotating
member 140 as illustrated there are four balancing formed
voids 204 that are arranged symmetrically about the axis of
rotation of the rotating member 140. The symmetrical orien-
tation of the balancing formed voids 204 allows reduced
balancing of the rotating ember 140. In some circumstances,
additionally balancing may be needed. When additional bal-
ancing 1s required, the adjustments to the rotating member
140 can be small due to the pre-balanced configuration. While
four balancing formed voids 204 are 1llustrated, other con-
figurations are possible.

The rotating member 140 can formed such that one or more
receiving holes 202 are formed through the rotating member
140. The recerving holes 202 can be adapted to couple a
connecting member of the four-stroke engine to the rotating
member 140. Other embodiments of the coupling between the
connecting member and receiving holes will be described
below 1n regards to FIG. 21.

While the illustrated embodiment includes two 1nlet chan-
nels 214 and two receiving holes 202, other numbers of inlet
channels 214 and receiving holes 202 can be implemented.
For example, the present technology can be implemented
with three inlet channels 214 and three receiving holes 202. In
yet another embodiment, four inlet channels 214 can be
implemented with four recerving holes 202. Other symmetri-
cal configurations can be implemented. The symmetrical con-
figuration of the inlet channels 214 and receiving holes 202
promotes balancing of the rotating member 140. In yet other
embodiments, non-symmetrical configurations of inlet chan-
nels 214 and recerving holes 202 can be implemented. For
example, a single recerving hole 202 can be implemented
with three inlet channels.

The rotating member 140 can be adapted to be coupled to
the mechanical breather retamner 220. The mechanical
breather retainer 220 can be adapted to hold the rotating
member 140 1n an engaged configuration relative to the
crankshait of the engine. As illustrated, the breather housing
155 can be coupled to the mechanical breather retainer 220.
The breather housing 155 can be integrally formed with the
mechanical breather retainer 220 or can be bonded, fastened,
or coupled to the mechanical breather retainer via welding,
press fitting, or a molding process in the situation were the
breather housing 155 and/or the mechanical breather retainer
220 1s made of a moldable material. The breather housing 155
has a vent fitting 230 coupled thereto. The vent fitting 230 can
have a thread connection for engaging with a corresponding
threaded portion of the breather housing 155. The vent fitting
230 can have an outlet portion 232. The outlet portion 232 of
the vent fitting 230 can be a barbed fitting, such as the one
illustrated. In other configurations, the outlet portion 232 can
have another type of connection, for example a threaded
connection, a tapered connection, or other releasable connec-
tion.

The mechanical breather retainer 220 can have mounting
portions 221 to secure the mechanical breather retainer 220 to
a portion of the engine. The mounting portions 221 can have
through holes 222 formed therein to accommodate a fastener.
Additionally, the mechanical breather retainer 220 can have
portions removed therefrom to lighten the mechanical
breather retaimner 220 while at the same time providing for
rigidity. As 1llustrated, a plurality of lighteming holes 224 can
be formed 1n the retaining member. The lightening holes 224
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can be spaced 1n a substantially mirror symmetric configura-
tion to promote a balanced weight distribution. In other situ-
ations, where the balance of the engine 100 needs adjustment,
the lightening holes 224 can be formed so as to promote
overall balancing of the engine 100. The lighteming holes 224
have irregular shapes 1n the 1llustrated embodiment, but the
lightening holes 224 can have regular shapes such as circular,
triangular or the like as well.

FIG. 21 illustrates a perspective exploded view of an
assembled mechanical breather 135 with respect to an
example {four-stroke engine. As indicated above, the
mechanical breather 135 can include a rotating member 202.
The rotating member 140 can have one or more formed voids
204 and one or more receiving holes 202. The one or more
receiving holes 202 can be adapted to couple a connecting
member 125 of the engine 100. As 1llustrated 1in FIG. 21, the
connecting member 125 has a coupling end 126 which {its
within the recerving holes 202 (illustrated by assembly line
241). The connecting member 1235 can be coupled directly or
indirectly to the crankshait of the engine 100. The coupling
end 126 can be adapted to pass through the recerving hole 202
such that a portion of the coupling end 126 extends beyond an
opposite surface of the rotating member 140. In at least one
embodiment, the transition between the main portion 127 of
the connecting member 125 and the coupling end 126 can be
shaped to form a bearing surface upon which the rotating
member 140 presses. As the crankcase 1s lubricated, the wear
of the bearing surface of the connecting member and the side
of the rotating member 140 that 1t touches can be minimized.
In other embodiments, the rotating member 140 can be
spaced such that 1t does not contact the main portion 127 of
the connecting member 125. When the side of rotating mem-
ber 140 does not contact the connecting member 125 reduced
wear can be achieved.

The mechanical breather system 133 can be coupled to the
engine via one or more fasteners 245. The one or more fas-
teners 243 can be adapted engage with corresponding one or
more fastener receirvers 261. The fastener axis 242, 243 are
illustrated to show the correspondence between the fasteners
245 and the corresponding fastener recervers 261. As 1llus-
trated the fasteners 245 are bolts. Additionally, the fastener
receivers 261 as illustrated are threaded holes formed in a
portion of the engine 100. While bolts and threaded holes are
illustrated, other types of fasteners and fastener recetvers can
be implemented to couple the mechanical breather system
135 to the engine. For example, the fasteners 245 can be
screws, tapered pins, press clamps and other similar fasteners
that are adapted for either permanent attachment or remov-
able attachment. The fastener recervers 261 can be adapted to
recelrve the selected fastener. In at least one embodiment, the
fastener can be selected to be aremovable fastener to allow for
removal of the mechanical breather system 135, for example
to allow for cleaning or replacement or additional space. As
illustrated, the one or more fasteners 2435 can be adapted to
bear against the breather retainer 220. The breather retainer
220 1n turn holds the mechanical breather system 1n place
inside the crankcase of the engine. As mentioned above, the
breather housing 155 can be coupled to the breather retainer
220.

As 1llustrated the breather housing 155 1s on the opposite
side of the rotating member 140 from the crankshait and the
connecting member 125. In this configuration, the breather
housing 155 can be located close to an end of the crankcase.
A crankcase cover can be placed over the end of the engine to
seal the crankcase with the mechanical breather system 135
inside of the crankcase. In order to expel the crankcase gas a
hose 172 can be coupled to the outlet portion 232 of the vent
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fitting 230. The vent fitting 230 can also be described as the
exhaust stem as mentioned above. The hose 172 allows for the
gas to exit the crankcase to a place such as the air intake filter
another place that can be external to the crankcase. In other
embodiments, the hose 172 can be connected to an emission
control device. While a hose 172 1s 1llustrated, the hose 172
can take other forms such as a channel formed 1n the crank-
case, a rigid member, or any other configuration that allows
for the expelling of air from 1nside the crankcase via the air
receiving chamber.

FIG. 22 1llustrates a perspective view of the mechanical
breather system 135 in an installed configuration. As 1illus-
trated the mechanical breather system 135 1s coupled to the
engine by fasteners 245. The fasteners 245 engage with the
mechanical breather retainer 220 to couple the mechanical
breather system 135 1n place inside the crankcase of the
engine. As explained earlier, the gas collected in the breather
housing 155 1s expelled via the vent fitting 230 and passes
through the outlet 232 of the vent fitting 1nto the hose 172 and
to a point that 1s external to the crankcase.

FIG. 23 illustrates a cross-sectional view of the mechanical
breather system 135 in an installed configuration. The rotat-
ing member 140 can be coupled to a connecting member 125,
which can be 1n turn coupled to the crankshaft. When the
crankshaft rotates, the connecting member 125 rotates, and
the connecting member 1235 1n turn rotates the rotating mem-
ber 140 about its rotational axis 211. When the rotating mem-
ber 140 1s rotating, the inlet 212 of one of the inlet channels
214 can be spun 1n a rotational direction that 1s the same as the
crankshaft. In other embodiments, the crankshaft can be indi-
rectly coupled to the rotating member 140 such that the rotat-
ing member 140 rotates in a direction that 1s opposite to the
rotation of the crankshatt.

As described above, when the rotating member 140 1s
rotating gas can enter the inlet 212 as the liquid 1s spun away
from the inlet 212. The gas can then move 1n a radial direction
along the inlet channel 214 towards an inner portion of the
inlet channel 214. The inlet channel 214 as illustrated 1s of a
substantially uniform cross-section. In other embodiments,
the cross-section of the mlet channel 214 can vary along its
length from the inlet 212 to an 1nner portion of the rotating
member 140. In at least one embodiment the inlet 212 can be
tapered such that 1s wider at the inlet 212 than at an inner
portion of the rotating member 140. In yet another embodi-
ment, the inlet 212 can be narrower than the inlet channel at an
inner portion of the rotating member 140.

As 1llustrated, the rotating member 140 can 1include a rotat-
ing member shatt 2135. The rotating member shaft 2135 has a
first end 217 and a second end 213 opposite the first end 217.
The first end of the rotating member shait 215 can be coupled
to the rotating member 140. The rotating member shatt 2135
traverses at least partially though the air receiving chamber
150. The rotating member shaft 215 can be supported for
rotation by a rotating member bearing 144. The rotating
member bearing 144 can be sealed on one side or completely
sealed. In yet some embodiments as described above the
rotating member bearing 144 could be unsealed such that
both side of the bearing are open. When the rotating member
bearing 144 1s sealed on one side it prevents the tflow of gas
therethrough and also provides for lubrication. In one
embodiment, the side of the rotating member bearing 144 that
1s open faces toward the rotating member 140.

As 1llustrated, the second end 213 of the rotating member
shaft 2135 extends beyond the rotating member bearing 144
and into the air recerving chamber 150. In other embodi-
ments, the second end 213 of the rotating member shaft 2135
can terminate just beyond the rotating member bearing 144.
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In yet another embodiment, the rotating member shatt 215
can have a length such that 1s flush with the rotating member
bearing 144. By having the end almost flush, flush or extend-
ing the bearing 144, the gas can enter the air receiving cham-
ber 150 formed 1n the breather housing 1355. 5

In order to reach the air receiving chamber 150, the gas can
pass Irom the at least one inlet channel 214 1nto the at least one
rotating member breathing channel 218 formed in the rotating,
member shaft 215. In this configuration, the at least one
rotating member breathing shaft channel 218 fluidly couples 10
the at least one 1nlet channel 214 and the air recerving cham-
ber 150. The at least one rotating member breathing shaft
channel 218 can be coupled via a connection region 219 to at
least one 1nlet channel 214. The connection region 219 can be
at an 1nner portion of the rotating member 140. The connec- 15
tion region 219 can be shaped to facilitate flow from the at
least one inlet channel 214 to the at least one rotating member
breathing channel 218. When more than one ilet channel 214
1s implemented, the connection region 219 can be configured
to couple the plurality of inlet channels 214 to the atleastone 20
rotating member breathing shaft channel 218. The gas flows
from the connection region 219 down the at least one rotating
member breathing shaft channel 218 until it reaches the exit
216 where the gas enters the air receiving chamber 150. The
gas 1n the air recerving chamber 150 can be expelled through 25
a passage formed in the wall 153 of the breather housing 155.

As described above, a fitting can be used to provide for a
passage ol gas from the air receiving chamber 150 to an
exterior of the breather housing 155.

As 1llustrated, the at least one rotating member breathing 30
shaft channel 218 can have a varying cross-section such that
the at least one rotating member breathing shaft channel 218
has a larger cross section at the opening (e.g. exit 216) of the
second end 213 of the rotating member shaift than at the first
end 217 of the rotating member shaft. As illustrated, the at 35
least one rotating member breathing shatt channel 218 tapers
from the first end 217 to the second end 213. Other changes 1n
the cross-section can be constructed to allow for the desired
flow characteristics. When the cross-section varies linearly as
illustrated, the gas can more easily pass through at least one 40
rotating member breathing shait channel 218. Even though
two 1nlet channels 214 have been illustrated, the number of
inlet channels 214 should not be considered to be the only
implementation of the inlet channels 214. Additionally, the
shape and relative size of the inlet channels 214 can vary as 45
well.

While only one rotating member breathing shait channel
218 has been 1llustrated, 1n other embodiments more than one
rotating member breathing shait channel 218 can be 1mple-
mented. For example, when two inlet channels 214 are imple- 50
mented, there can be a rotating member breathing shaft chan-
nel 218 for each of the inlet channels 214. Similarly, when
three inlet channels 214 are implemented, three rotating
member breathing shaft channels 218 can be implemented
such that each correspond to the respective inlet channel 214. 55
In other embodiments, a single rotating member breathing
shaft channel 218 can be implemented for a plurality of inlet
channels 214. In vet other embodiments, one inlet channel
214 can correspond with one rotating member breathing shaft
channel 218 and a set of plurality of 1nlet channels 214 can 60
correspond with another rotating member breathing shaft
channel 218.

Exemplary embodiments have been described hereinabove
regarding mechanical breather systems for four stroke
engines. The mechanical breather system 135 described 65
herein can be used 1n relation to any type of four stroke
engine, such as a half-crank four stroke engine, a full-crank
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four stroke engine, a four stroke engine for an outdoor power
tool such as a blower, trimmer or the like, a small four stroke
engine for a motored bike or scooter, or any other four stroke
engine that requires ventilation of crankcase pressure.

What 1s claimed 1s:

1. A four-stroke engine comprising:

a crankshaft supported by at least one bearing, wherein the
crankshaft 1s configured to be coupled to a connecting
rod which 1s coupled to a piston;

a rotating member coupled to and driven by the crankshatt,
said rotating member defining at least one inlet channel
extending between an outer perimeter of the rotating
member and an inner region of the rotating member;

a breather housing having an air receiving chamber formed
within the breather housing, wherein the air receiving
chamber 1s positioned adjacent to a portion of the at least
one inlet channel of the rotating member; and

a passage formed through a wall of the breather housing,
wherein said passage 1s 1n fluid communication with the
air recerving chamber and an exterior of the breather
housing.

2. The four-stroke engine of claim 1, wherein the air recerv-
ing chamber 1s 1n fluid communication with the at least one
inlet channel at the inner region of the rotating member.

3. The four-stroke engine of claim 1, wherein one bearing,
of the at least one bearing 1s coupled to the breather housing.

4. The four-stroke engine of claim 3, wherein the one
bearing 1s coupled adjacent to an outside wall of the breather
housing.

5. The four-stroke engine of claim 3, wherein the one
bearing 1s on an opposite side of the air recerving chamber
from the rotating member.

6. The four-stroke engine of claim 1, further comprising a
rotating member shaft having a first end and a second end
opposite the first end, wherein the first end of the rotating
member shatt 1s coupled to the rotating member.

7. The four-stroke engine of claim 6, wherein the rotating,
member shaft traverses at least partially through the air
receiving chamber.

8. The four-stroke engine of claim 6, wherein the rotating,
member shaft has at least one rotating member breathing
channel formed therein, the rotating member breathing chan-
nel being fluidly coupled to the at least one 1nlet channel and
the air recerving chamber.

9. The four-stroke engine as recited 1n claim 1, wherein the
at least one 1nlet channel i1s formed from a vane extending
between the outer perimeter of the rotating member and the
inner region of the rotating member.

10. The four-stroke engine as recited in claim 1, wherein
the at least one inlet channel comprises a plurality of inlet
channels.

11. The four-stroke engine as recited in claim 1, wherein
the at least one inlet channel 1s formed 1n the rotating member
and 1s open on a distal end at a perimeter of the rotating
member and coupled to a rotating member breathing channel
formed 1n the rotating member shait at the distal end.

12. The four-stroke engine as recited 1n claim 1, further
comprising a connecting member coupling said crankshait to
the rotating member.

13. The four-stroke engine as recited in claim 1, wherein
the four-stroke engine 1s a full-crank engine and the crank-
shaft 1s supported by at least two bearings.

14. The four-stroke engine as recited in claim 1, wherein
the four-stroke engine 1s a half-crank engine and further com-
prising an extended crank pin which drives the rotating mem-
ber.
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15. A four-stroke engine comprising:

a crankshatt supported by at least one bearing, wherein the
crankshaift 1s configured to be coupled to a connecting
rod which 1s coupled to a piston;

a rotating member coupled to and driven by the crankshaft,
said rotating member including a rotating member shaft

having a first end and a second end opposite the first end,
wherein the first end of the rotating member shaft is
coupled to the rotating member;

at least one rotating member breathing shait channel
formed 1n the rotating member shaft, the at least one
rotating member breathing shatt channel being an open-
ing at the second end of the of the rotating member shatft;

at least one 1nlet channel defined by the rotating member

extending between an outer perimeter of the rotating
member and the at least one rotating member breathing
shaft channel;

a breather housing having an air receiving chamber formed
within the breather housing, wherein the air recerving
chamber 1s flmdly coupled to the at least one rotating
member breathing shaft channel; and

a passage formed through a wall of the breather housing,
wherein said passage 1s 1n fluid communication with the
air receiving chamber and an exterior of the breather
housing.

16. The four-stroke engine as recited 1n claim 15, wherein
the at least one inlet channel comprises two inlet channels,
cach of which 1s fluidly coupled to the at least one rotating
member breathing shaft channel at an inner region of the
rotating member.

17. The four-stroke engine as recited 1n claim 15, wherein
the at least one rotating member breathing shait channel has
a varying cross-section such that the at least one rotating
member breathing shaft channel has a larger cross section at
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ne opening of the second end of the rotating member shaft
nan at the first end of the rotating member shatt.

18. A mechanical breather for a four-stroke engine, com-

prising:

a rotating member adapted to be coupled to and driven by
a crankshait, configured to be coupled to a connecting,
rod which 1s coupled to a piston, of the four-stroke
engine, said rotating member defining at least one nlet
channel extending between an outer perimeter of the
rotating member and an iner region of the rotating
member;

a breather housing having an air recetving chamber formed
within the breather housing, wherein the air receiving
chamber 1s fluidly coupled at least one inlet channel of
the rotating member; and

a passage formed through a wall of the breather housing,
wherein said passage 1s 1n fluid communication with the
air receiving chamber and an exterior of the breather
housing.

19. The mechanical breather as recited in claim 18, further

comprising a rotating member shaft having a first end and a
second end opposite the first end, wherein the first end of the
rotating member shaift 1s coupled to the rotating member; and

t
t

at least one rotating member breathing shaft channel
formed 1n the rotating member shaft, the at least one
rotating member breathing shaft channel being an open-
ing at the second end of the of the rotating member shaft,
wherein the at least one rotating member breathing shaft
channel couples the at least one inlet channel and the air
receiving chamber.

20. The mechanical breather as recited in claim 18, wherein

e rotating member has at least one recerving hole formed
nerethrough for receiving a connecting member of the four-

stroke engine.
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